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ABSTRACT/

This •s the tenth of a series of reports on the protection of mooring buoys.
1hirteen buoys were given their ninth rating (after a mnaximum of 5 years exposure)
for extent oF coating deterioration, corrosion of steel, and fouling. Two other buoys
had previou:ly been removed from the test program because of advanced deterioration.
The coating systems on three of the buoys were in good condition, while those cn nine
otlhes showed varying degrees of moderate deterioration, and one was in such poor
cond'tion thet it was also removed from the test program. Two sets of steel pane s
cocted with t6e different systems used on the buoys were given their eighth rating
inspection after 4 years of exposure. One set was exposed in San Diego Bay and $he
othe, ýn Port Hueneme Harbor. The condition of the ccatVngs on both sets of panels
was Senerally better than that of the buoy coating, but there was a general correlcation
between the c:)nditions of the two test groups. On buoys coated with antifouling
paints, no detectable antifouling property remained after 20 months, but on both sets
of test panels, two antifouling coatings containing copper oxide were still appreciably
reducing fouling after 4 years.

Pt-,tches cf underwater-curing epoxy applied to buoys where localized damage to
the coating had been -aused by abrasion were in good condition. Some patches had
been providing 1rotection for 4 years.

Three of t6e buoys were cathodicatl) protected with zinc anodes. The underwaler
portions of these buoys were receiving protection from corrosion 33 months after anode
installation.

This d icument has been approved for public release and sale; its distribution is unlimited.

Copies available at tha Clearinghouse for eederal Scientific & Technical
Info, mat;on (CFSTI), Sills Building, 5285 Port lloyal Road. Springfield, Va. 22151

Price-S3.00

The Laboratory invites comment on this report. particularly on the
results obtained by those who havi apM4ied the information.
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INTRODUCTION

The Naval Facilities Engineering Command assigned the Naval Civil Engineering
Laboratory the task of finding or developina better methods for protecting Fleet mooring
buoys from corrosion. The assignment included investigation of both protective coatlIngs
and cathodic protection.

A field-test program was initiated in San Diego with 15 peg-top riser-chain
mooring buoys (Mark I or Mark II). Thirteen different coating systems were used, and
a cathodic protection system was installed on one buoy of each of three pairs used in
this part of the test program. The same thirteen coating systems were also applied to
two sets of test panels, one exposed in San Diego Bay and the other in Port Hueneme
Harbor. The results of the program are being published in a series. Technical Report
R-246, 1 the first in the series, described the application of protective coatings and
the installation of a cathodic-protection system. Subsequent reports2 "9 described the
condition of the buoys from the first through the eighth rating inspections and the
condition of the panels through their seventh rating inspection. This report describes
the condition of the buoys at the time of their ninth rating inspection (up to 5 years
exposure) and the condition of the panels after 4 years of exposure.

SERVICE CONDITIONS

For the test, 15 mooring buoys were placed in an area of North San Diego Bay
that received heavy service from the Fleet. Some of the buoys were badly damaged
by overriding vessels and by the abrasion of mooring lines and securing assemblies.
Because it was necessary to place the test buoys in service a few at a time, and
because there were long delays in obtaining acceptable specification coatings, pre-
paration and placement of all the buoys required a long time.

One set of 13 panels was suspended from a pier in San Diego Bay and the other
from a pier in Port Hueneme Harbor. A portion of each panel was continuously sub-
merged, another portion was intermittently submerged by rising tide, and a third
portion was continuously exposed to the atmosphere. The panels were not exposed
to their harbor environments at the same time as the buoys they were Irept in storage
until all of them had been coated. At I the panels weie then placed *n test position
at the same time, rather than over a 6-month period as were the buoys. At the time
of their ninth rating (described herein) they hod been exposed for 4 years.



INSPECTION PROCEDURE

Each of the test mooring buoys was inspected after it Fad been lifted onto the
deck of a floating crane. The amouJnt of fouling was determined, ýhe types of orga-
nisms were recorded, and fouling d(amage to the coating was noted. After thl. fouling
was examined, the cone and splash zone of each buoy were washed with a high-pressure
stream of seawater to remove the fouling and expose coating damage. Two iiidependent
ratings of the condition of each buoy and its protective coating system were made in
the atmospheric, splash, and submerged zones.

Electrical potential measurerrents were mode on buoys with and withoLo cathodic
protection to determine the amount of additional potential produced on cathdoically
protected buoys. The coating deterioration and corrosion damage of the three cathod-
ically protected buoys were compared to those of the control buoys.

Two independent ratings were also made of the condition of the coatin; systems
on the steel test panels exposed in San Diego Bay and Port Hueneme Harbor. Fouling
organisms were carefully removed from one side of each test panel wiih a wooden
scraper and a stiff bristle brush before the coating condition in the fouled arOa was
rated.

RATING CRITERIA

So far as possible, the methods of rating the coatings on buoys and test panels
were those published by the American Society for Testing and Materials. 10 ihese
published methods define the conditions rated and give photographic reference
standards. Thus, chalking, blistering, checking, cracking, flaking, erosion, aid
rustikg were rated from 0 to 10 by A:TM methods D-659-44, D-714-56, D-6M0-44,
D-661 -44., D-772-47, D-662-44, and D-610-43, respectively. A rating of 1W
uwally describes c pe-fect condition, and a rating of 0 describes a completel/ dete-
rioateJ condition. Blistering frequency was rated as none (N), few (F), mediL#m (M),
mediom dense (MD), or dense (D). Surface areas covered by fouling (plant, oiimal,
or a combinutio-.) were rated on a linear scale from 0 (100% covered) to 0 (9)%
covered). Color of the topcoat on the buoys was also rated from 0 to 10; 10 indicates
pure white with no yellowing or other discoloration (except rust streaks from Lncoated
bolts), and 0 indicates a color unacceptable to the U. S. Coast Guard.

Frequency of use of buoys by the Fleet was rated as light (0 to 2 days pe:r week),
medium (2 to 4 days per week), or heavy (4 to 7 days per week). Some of the buoys
provide bow and stem mooring only, and the rest provide either bow and stem or free-
ýwinging moorings.

The overall condition of each buoy and its coating system was rated as excellent
(in essentially the same condition as when first placed in service); good (very minor
deterioration); fair (a significant amount of coating deterioration or rusting, but still
in serviceable condition); an,' "coating deterioration and rusting serious enough
to lead to an early removal ic*).
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The coating systern on each test panel was given an overall rating from 0
(minimum protection) to 10 (maximum protection), depending upon both the condition
of the entire coating qys•tem and the protection afforded to the steel. It was much
easier to rate the overall coating conditions on the panels than on the buoys, because
the panels were noa airaded as were the buoys during mooring service.

CONDITION OF BUOY COATINGS

General

Table 1 describes each coating system. The overall ratings and lengths of
service of buoy coatings are summarizea in Table 2. The sources of the coatings
are listed in References i through 4, are proprietary, and are available only to
U. S. Government ogencihs and their contractors. Ratings of specific conditions
of coated test buoys are given in Appendix A.

The fouling on all lext buoys was generally similar both in type and amount
(Figure 1), with sli!)htly differing amounts occurring in different test areas. Green
algae and barnacles were most conspicuous in the splash zone. Tunicates and barna-
cles were most con:picuoLs in the submerged zone, and mussels, bryozoa, hydroids,
and tube worms were tsually Fresent to a lesser extent.

The Mark I test buo,,s usually had marine borer damage on their lower, untreated
wooden fenders (Figure 2). The lower, creosoted fenders of the larger Mark II buoys
were almost always completely o'ut of the water and suffered no marine borer ,ttack.

Coating System 1: Urethaoie

The condition of the System ' buoy (Figure 3) hod deteriorated slightly since
th'e previous rating ilnspecticn, and there was somewhat greater rusting in the otmo-
spieric and splash zones. Much of this, however, was either of the pinpoint type
(Figure 4) or had been cousm, by impltct or abrasion. The pinpoint rusting on -'he
buoy side was initiated by small bliste-s previously noted there.

The many pokthes of urderwater-curing epoxy, I I most of which had been
app•kld 4 years earlier to underwater areas damaged by the impact of moored Nessels,
were Ttill adhering tight~y to rhe underl)ing steel and providing good protection from
ctrrosion. Some of these patchýes hod lifted edges where they bonded poorly to fouling
or weathered coating. The tpixy patches have qxtended significantly the service life
of the bwoy.

Thfre was mcderate galvanic corrosio' of the bolts securing the lower lateral
fentder in place on I moderate marine borer vnmoge to this fender.

3
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Figure 1. Typical fouling as seen on System 5 buoy.

a, 4 W

Figure 2. Typical u~itreated wooden fender with marine borer damage.
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Figure 3. System I buoy before removal of fouling.

Figure 4. Pinpoint rusting on side of System 1 buoy.
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Coating System 2: Epoxy

The condition of the System 2 buoy was essentially unchanged since the last
inspection. The two areas where impact damage to the coating had been patched
with underwater-curing epoxy 1-1/2 years earlier7 were receiving full protection
from these patches. There was very little rusting on this buoy except that caused
by abrasion. There was some galvanic corrosion on bolts and rivet heads in the
submerged zone and extensive marine borer damage to the lower fender.

Coating System 3: Epoxy-Polyester

The condition of the System 3 buoy had changed only slightly since the iast
inspection. The epoxy primer exposed in the submerged zone, where much of the
polyester topcoating hod previously delaminated, was continuing to protect the
underlying steel. The rusting in all three zones was related to abrasion damage.
There was an area of coating on the underwater portion of the buoy that had suffered
abrasion damage (Figure 5) since the last inspect!on. This was repaired with a patch
of underwater-curing epoxy. As with the previous Mark I buoy (System 2), there was
galvanic corrosion on a few abraded rivet heads in the submerged zone and marine
borer damage to the lower lateral fender.

Coating System 4: Epoxy-Coal Tar Epoxy

The condition of the System 4 buoy was virtually unchanged since the last
inspection. The previously noted delamination of the topcoat and seal coat in the
submerged zone had not advanced significantly, and the underlying epoxy primer
and coal tar epoxy were providing goad protection to the steel. The cone of the
buoy had suffered slight abrasion damage since the previous inspection and the
orange primer was exposed in a few places. Elsewhere the coating system was per-
forming well, with the slight rusting noted related to abrasion damage.

Coating System 5: Coal Tar Epoxy-Phenolic

The condition of the System 5 buoy was virtually unchanged since the last
inspection. Most of the coating damage, notably that on the buoy top, was related
to abrasion damage. There was galvanic corrosion of some abraded rivet heads in
the submerged zone and extensive marine borer damage to the lower lateral fender.

8



Figure 5. Cone of System 3 buoy showing abrasion damage to coating.

Coating Systems 6 and 6C: Phenolic Mastic

Systems 6 and 6C were identical, but the 6C coating was applied to a
cathodically protected buoy. The condition of both buoys was virtually unchanged
since the last inspection. The deterioration on each was largely the result of abrasion
damage (see Figure 6). The better condition of the System 6C buoy is a result of the
cathodic protection and the heavier fendering. The lower lateral fender on the
System 6 buoy had extensive marine borer damage.

Coating System 7C: Phenolic

The condition of the System 7C buoy was virtually unchanged since the last
inspection. The erosion of the antifouling coating on the underwater portion of the
buoy was probably aggravated by barnacle attachment, since the antifouling coating
had long since lost its toxicity to fouling organisms. The cathodic protection system
on this buoy was stii. very effective in mitigating rusting where bare steel was
exposed underwater. Most of the slight coating damage in the at.Mo~pheric and
splash zones had been caused by abrasion.

9
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Figure 6. Abrasion damage on System 6 buoy.

Coating System 8: Phenolic-Alkyd

The condition of the System 8 buoy was virtually unchanged since the last
inspection. The submerged portion of this buoy had the identical coating system
used on the System 7C buoy, and consequently, the condition of the coating system
in this area on both of these buoys was quite similar. There was, however, more

rusting on the underwater portion of the System 8 buoy, since it did not receive
cathodic protection. There was also evidence of a slight barnacle damage to the

coating underwater. Rusting on the side of the buoy was either of the pinpoint
variety or had been caused by abrasion.

Coating System 9: Vinyl

The condition of the System 9 buoy had changed very little since the last
inspection. Several small areas of peeled coating on the buoy side, probably ini-
tiated by impact of a vessel, had been noticed and patched with underwater-curing
epoxy during the lost three inspections. The epoxy patches were all in good condi-
tion and were providing protection to the steel. An area of damaged coating adjacent

10



to a flange on the side of the buoy (Figure 7) was noted at the present inspection.
This was also cleaned and patched with underwater-curing epoxy in the manner
previously used. The few areas of rusting in all three zones were related to abrasion
damage. The type and amount of fouling on this buoy were similar to those on test
buoys without an antifouling coating. There was galvanic corrosion on some of the
bolts securing the lower lateral fender in place and extensive marine borer damage
to this fender.

Coating System 10: High-Body Vinyl

Because of advanced corrosion, the System 10 buoy had been removed from the
test program after 35 months of service.

Coating System 11: Vinyl Mastic

Because of advanced corrosion, the System 11 buoy had been removed from the
test program after 19 months of service.

Figure 7. Side of System 9 buoy showing damaged wooden fender and darnuged
coating above lower right flange.

11



Coating System 12: Inorganic Zinc Silicate-Vinyl Mastic

The System 12 buoy had undergone further deterioration since the last
inspection, and the underwater portion was in such poor condition (Figure 8) that
the buoy was removed from the test program. The side and top of the buoy are still
in good condition, but urnderwater there was extensive blistering and delamination
of the vinyl mastic trpcoating. The gradual loss of zinc from the exposed primef
has permitted extensive rusting and pitting.

Coating Systems 13 and 13C: Saran

Systems 13 and !3C were identical, but System 13C was applied to a cathod-
ically protected buoy. The System 13 buoy has remained in the mooring yard since
the previous inspection because of problems associated with installing a new lighting

system on the buoy.
The condition of the coating on both buoys was virtually unchanged since the

Icst inspection. The slight rusting was either of the pinpoint variety or had been
caused by abrasion. The System 13C buoy was recelving usage at the time of the
inspection and it was necessc-/ to inspect the buoy with a destroyer secured to it
(Figure 9). The cathodic protection system was quite effective in mitigating corro-
sioni on the underwater portion of the System 13C buoy.

CONDITION OF PANEL COATINGS

The coating system of each panel is rated in Table 3, and the ratings of the
specific properties are given in Appendix B. There continues to be a distinct differ-
ence in the type of fouling at the two panel-testing sites. While barnacles are
conspicuous at both locations, they form on the tidal zone of all San Diego panels
without an antifouling paint a heavy crust that probably affords significant protection
to the panels. Mussels and bryozoa are much more numerous and larger at Port
Hueneme. Conversely, tunicates and sponges are most conspicuous at San Diego,
but virtually absent at Port Hueneme.

Coating System 1: Urethane

Both urethane-coated panels were little changed since the last inspection.
The slight coating deterioration on the San Diego panels consisted of edge damage,
a few pinholes, and slight barnacle damage. I he small blisters and delaminati;', of
topcoat on one side of the Port Hueneme panel previously noted 8, 9 had ;.ot increased
appreciably.

12
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Figure 8. Coating damage on cone of System 12 buoy.

Figure 9. Hosing of System 13C buoy with destroyer secured to it.
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Coating System 2: Epoxy

Both epoxy-coated panels were receiving excellent protection. The white
antifouling paint originally used on tOese panels had long since been lost, 4 -6
but this had not affected the protection afforded by the epoxy system. In order to
determine if this system could be used with other, more conventional antifouling
paints, two panels were coated with Ccating System 2; one was then coated with
vinyl antifouling MIL-P-1593.A, and t6ie other with a proprietary copper oxide
containing polyester antifouling.7" 9 Al:ter 2 years of exposure in Port Hueneme
Harbor, the antifouling paints were both adhering well to the epoxy coating and
were effectively mitigating fouling.

Coating System 3: Epoxy-Polyester

As previously reported, 4 - 9 when thel antifouling point (identical to that used
with System 2) was lost from the System 3 panels, it took the polyester topcoats with
it, thus exposing the underlying epoxy prirler. This primer has continued to protect
the panels at both locations. The slight ru.;ting on both panels was mostly caused by
edge damage. There was slight checking in the atmospheric zone of the Port Himnemnv
panel.

Coating System 4: Epoxy-Coal Tar Epoxy

Neither System 4 panel had shown any deterioration other than slight edge
rusting on the San Diego panel.

Coating System 5: Coal Tar Epoxy-Phenolic

On both System 5 panels, the white topcoat had previously been almost
completely lost in the tidal and submerged zo.ns,3- 8 exposing the underlying seal
coat. The seal coat continued to provide good orotection, with the slight rusting
present mostly restricted to panel edges. Thete was slight checking in the atmo-
spheric zone of both panels.

Coating System 6: P.enolic Mastic

The System 6 panels showed no dete-ioratiosi in any zone at Port Hueneme and
only slight edge rust;ng in the submerged tone at ion Diego.

15
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Coating System 7C: Phenolic

The System 7C panels hod only slight further deterioration since the last
inspection. There was no increase in the number of small blisters previously noted8

in the submerged zone. Greater amounts of primer continued to be exposed by f0 se
gradual erosion of the black antifouling coWing, but there continues to be so mewhat
less fouling on the System 7C panels than on adjacent panels without an antifouling
coating (see Table I for panels that have antifouling coatings). Slight b6.nacie
damage, however, was noted for the first time on both System 7C panels.

Coating System 8: Phenolic-Alkyd

System 8 is identical to 7C in the tidal and submerged zones; consequently,
the conditions of the two coating systems in these areas were similar. The coatings
in the atmospheric zones of these systems, though different, were providing relo-
tively good protection.

Coating System 9: Vinyl

Both System 9 panels were free of corrosion. Although the antifouling coatikg
cortinued to erode away gradually, thus exposing the underlying primer, there con-
tin-ued to be appreciably less fouling on the System 9 pane!s than on panels without
an antifouling coating.

Coating System 10: High-Body Vinyl

Both System 10 panels were previously removed from the test program because
of coating failure.

Coating System 11: Vinyl Mastic

Both System I1 panels were previously remor A from the test program because
of coating failure.

Coating System 12: Inorganic Zinc Silicate-Vinyl Mastic

Both of the System 12 panels hod previously lost much of their vinyl mastic
topcoating in the tidal and submergcd zones. While the inorganic zinc primer thus
exposed was initially quite effective in pre eenting corrosion, there was now extensive
rusting and pitting. The System 12 ponels were, therefore, removed from 6:e test
program at the time of the pirc-ent inspection.

16



Coating System 13: Saran

Both System 13 panels were still in relatively good cond'tion. Most of the
corrosion present consisted of pinpoint or edge r'isting.

CATHOD)IC PROTECTION RESULTS

The electrical potentials of the three cathodically protected buoys (Systems 6C,
7C, and 13C) at the time of the inspection were -880, -840, and -900 my, respec-
tively, as compared to a reference silver-silver chloride half-cell. The potential of
the 13C buoy was measured with a destroyer secured to it. All potentials were near
or above the level of -850 my, which was considered necessary for complete protec-
tion of exposed steel. The overage potential of buoys without cathodic protection
was about -710 mv.

The appearance of the zinc anodes gove further evidence of the satisfactory
performance of the cathodic-protection systems. After the loose, yellowish film was
remov-d during the high-presure hosing of the buoy fouling, the zinc surfaces were
clean and crystalline. The sacrificial anodes hod become appreciably reduced in
thic•ness since their original installation 33 months earlier, but there appeared to
be sufficient z.nc remaining to provide protection for at least another 1/2 year.

The cothodically protected buoys hod considerably less rusting underwater
than the unprotected control buoys. The foot-square section of bare steel previously
expoaed by wire brushing'i on the cone of the System 13C buoy had received excel-
ent protection from rusting. The riser chains of the protected buoys were also in
bette, condition than those of buoys without cathodic protection. There was consid-
erably less corrosion of steel and loss of coal tar coating on the former riser chains,
and the rust present was in a thin, uniform layer. The unprotected riser chains hod
alteriate areas of bright and rusted steel, indicating active corrosion. It has
previously been shown.12 that some of the protection from cathodically protected
buoys is transferred down tight riser chains.

DISCUSSION

The condition of the buoy coating systemr at the time of each inspection is
summarized in Table 4. It can be seen from this table that only sliqht further
deterioration of coatings had occurred since the last inspection.

At the time of this inspection, only three of the cowiing systems (Systems 2,
6C, and 13C) on test buoys were rated as good; six (Systems 4, 6, 7, 8, 9, and 13)
as good-fair; three (Systems 1, 3, and 5) as fair; one (System I Z as poor; and two
of the test buoys (Systems 10 and 11) hod previously been removed from the test

17



program because of coating failure. The coating systems generally performed better
on test paneis than on the buoys, because the latter were subject ýo impact and
abrasion damage during service to the Fleet. Nine of the original thirteen coating
systems on test panels are still rated as 9 01 10 at both locations. These include all
of the systems rated as good or good-fair on test buoys. The ratings of 9 on test
panels were frequently due to edge damage that occurred during handling.

The System 2 (epoxy) buoy is currently the test buoy in the best condition and
the only buoy without cathodic protection that was rated good. It should be noted
that this is a Mark i buoy with lighter fenclering than the Mark 11 buoys (Systems 4,

6C, 7C, 8, 12, and 13C), and consequently, it has received less protection from
impact and abrasion than the Mark II buoys. Although the original antifouling
paints were rapidly lost from the System 2 buoy and test panels (as well as on those
of System 3), other antifouling coatings have been found to adhere well to this
coating system.

The coating system on buoys 6 and 6C (phenolic mastic) has continued to
perform well despite appreciable abrasion damage to these buoys during their first
2 years of service. No further appreciable abrasion damage has occurred to these
buoys since that time, and the System 6 panels were in excellent condition. This
system has also performed well in the steel sheet piling study of Alumbaugh and
BrouijletteJ

3

System 13C (Saran), which was rated as good, also performed well for
Alumbaugh and Brouillette.1 3 Saran is very resistant to moisture penetration, but
has a tendency to be subject to pinpoint rusting.

Coating Systems 7C (phenolic) and 8 (phenolic-alkyd) were both in relatively
good condition on both the test panels and the buoys. With both systems, deterio-
ration above water was mostly due to abrasion, and deterioration below water was
due to gradual loss of the antifouling coating. Because of the type of fouling in
San Diego Bay and the routine removal of fouling periodically by high-pressure
hosing, there is no apparent reduction of freeboard on buoys in San Diego Bay, or
any other detrimental effect due to fouling. Thus an antifouling paint is not ordi-
narily used in San Diego Bay. It should also be noted that the effectiveness of
antifouling paints on the test buoys in retarding fouling was greatly diminished
after 2 years. The longer life of the antifouling coating on the test panels is
probably due to a lower rate of leaching by the weaker water currents in which
they are located.

Coating System 9 (vinyl) is another example of a system in relatively good
condition where the deterioration below water is associated with the gradual loss
of the antifouling coating. The buoy coating might be in much better condition if
the system used above water was also used below water.

18
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Cqating System 4 (epoxy-coal tar epoxy) was providing good protection to
both the buoy and the panels. Much of the epoxy topcoat and seal coat had been
lost from the buoy below water, but this had not occurred on either test panel. Con-
versely, Coating System 5 (coal tar epoxy-phenolic) had lost much of the phenolic
topcoat from the submerged portion of the panels, but this was not occurring on the
buoy. The seal coat and underlying coal tar epoxy remaining on the System 5 test
panels was continuing to provide good protection to the steel.

Coating System 1 (urethane) buoy and panels had deteriorated somewhat since
the previous inspection, but the system is performing satisfactorily.

Coating System 3 (epoxy-polyester) was providing good protection to both the
buoy and panels despite the loss of much of the polyester topcoating below water.

The System 12 (inorganic zinc silicate-vinyl mastic) buoy and panels had
deteriorated appreciably since the previous inspection and had extensive rusting
and pitting. Because of this deterioration they were removed from the test program.

The patches of underwater-curing epoxy applied at various times in the past
have continued to provide good protection to steel exposed by abrasion damage to
coatings. They have exterided greatly the service life of buoys before necessary
recoating ashore and have thus resulted in a savings of maintenance funds.

The cathodic protection systems on three of the test buoys have continued to
retard corrosion on the underwater portions of these buoys and their riser chains.
The zinc anodes providing this protection are relatively inexpensive, costing prob-
ably less than $12 annually when prorated over their expected service life.

The wooden fenders on the Mark I buoys are badly damaged and provide
relatively little protection from impact and abrasion.

FINDINGS

1. On three of the test buoys, the coating systems were in good condition; six others
were rated as good-fair; three as fair; and one as poor. Two buoys had previously
been removed from the test program because of coating failure.

2. Two antifouling paints on test panels were still effective after 4 years in appreciably
reducing the amount of fouling; on test buoys, the paints had lost their effectiveness
after 20 months.

3. Patches of underwater-curing epoxy applied to damaged areas of several different
coating systems were quite effective in protecting steel from corrosion below water.
Some of these patches have performed well for 4 years.

4. The cathodic protection systems on three of the test buoys were effectively
mitigating corrosion. Although the zinc anodes were appreciably reduced in size,
they should continue to perform effectively for at least another 1/2 year.
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CONCLUSIONS

1. The protective coating systems still under test are giving greater service life to
the test mooring buoys than the service life generally received at field activities.
Some of the better coating performance is due to better surface preparation and
coating application, but much is due to improvements in coating formulations.

2. The use of an antifouling coating on the minderwater portion of mooring buoys
is not justified unless fouling is known to constitute a maintenance or operational
problem.

3. Underwater-curing epoxies can reduce maintenance costs by extending the
service life of mooring buoys where localized areas of coating have been damaged
by abrasion.

4. Mooring buoys can be effectively cathodically protected underwater with zinc
anodes.

RECOMMENDATIONS

I. The coating systems that have performed well to date in the present test should
be considered for use by field activities of the Naval Shore Establishment.

2. Underwater-curing epoxies should be carried by field crews inspecting or
relocating moorings so that localized areas of damaged coatings can be repaired
in place.

3. A greater use should be made of zinc anodes in cathodically protecting Fleet
moorings.

4. Treated wood should be used on the lower fenders of Mark I buoys to protect
them from marine borer attack.
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Appendix A

RATINGS OF BUOYS WITH TEST COATINGS

Coating System 1: Urethane

No. of Months in Service: 56 Overall Condition: Fair

Amount of Use: Light Type of Mooring: Bow and Stem

Condition Rated Atmospheric Splash Submerged

Color 9 9 -

Chalking 4 4
Blistering N, 10 N, 10 N, 10
Checking 10 10 10
Cracking 10 10 10
Flaking (scaling) 10 10 10
Erosion 10 10 10
Rusting, Type I1-/ 8 8 9
Rusting, Type 112./ 10 10 10
Fouling, amount - H H
Guano, amount L
Structural damage N broken dent in

fender steel plate
1/ Without blistering.
2 With blistering.

Note: For chalking, blistering, checking, cracking, flaking, erosion, and rustinga rating of 10 describes a perfect condition, and a rating of 0 describes acompletely deteriorated condition. A topcoat color rating of 10 indicatespure white with no yellowing or discoloratiorn other than rust streaks fromuncoated bolts, and 0 indicates a color unacceptable to the U. S. CoastGuard. In the letter ratings, H = heavy, L = light, M : medium and N
none.
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Coating System 2: Epoxy

No. of Months in Service: 54 Overall Condition: Good

Amount of Use: Heavy Type of Mooring: Bow and Stem

Condition Rated Atmospheric Splash Submerged

Color 9 9

Chalking 6 6

Blistering N, 10 N, 10 N, 10

Checking 10 10 -

Cracking 10 10 10

Flaking (scaling) 10 10 10

Erosion 10 10 10

Rusting, Type I 9 9 9

Rusting, Type II 10 10 10

Fouling, amount - M M

Guano, amount L -

Structural damage N damaged dent in
fender steel plate

Note: For chalking, blistering, checking, cracking, flaking, erosion, and rusting
a rating of 10 describes a perfect condition, and a rating of 0 describes a
completely deteriorated condition. A topcoat color rating of 10 indicates
pure white with no yellowing or discoloration other than rust streaks from

uncoated bolts, and 0 indicates a color unacceptable to the U. S. Coast
Guard. In the letter ratings, H heavy, L = light, M medium and N
none.
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Coating System 3: Epoxy-Polyester

No. of Monthes in Service: 54 Overall Condition: Fair

Amount of Use: Heavy Type of Mooring: Bow and Stern

Condition Rated Atmospheric Splash Submerged

Color 9 9 -

Chalking 6 6 -

Blistering N, 10 N, 10 N, 10

Checking 10 10 10

Cracking 10 10 10

Flaking (scaling) 10 51/ 5)-/

Erosion 10 10 10

Rusting, Type I 9 9 9

Rusting, Type Ii 10 10 10

Fouling, amount - H H

Guano, amount H - -

Structural damage fender splintered damaged fender splintered
fender

1/ Topcoat lost, primer exposed.

Note: For chalking, blistering, checking, cracking, flaking, erosion and rusting
a rsting of 10 describes a perfect condition, end a rating of 0 describes a
completely deteriorated condition. A topcoat color rating of 10 indeoetes
pure white with no yellowing or discoloration other then rust streaks from
uncoated bolts. end 0 indicates * color unacceptable to the U. S. Coast
Guard. In the letter ratings, H heavy. L light, M medium end N
none.
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Coating System 4: Epoxy-Coal Tar Epoxy

No. of Months in Service: 56 Overall Condition: Good-Fair

Amount of Use: Medium Type of Mooring: Bow and Stem

Condition Rated Atmospheric Splash Submerged

Color 9 9

Chalking 8 8

Blistering N, 10 N, 10 N, 10

Checking 10 10 10

Cracking 10 10 10

Flaking (sculing) 10 10 61/

Erosion 10 10 10

Rusting, Type I 9 9 9

Rusting, Type II 10 10 10

Fouling, amount - M-H M-H

Guano, amount L -

Structural damage N N dent in

steel plate

1 Delamination of topcoat and seal coat, exposing coal tar epoxy coating.

Note: For chalking, blistering, checking, cracking, flaking, erosion, and rusting
a rating of 10 describes a perfect condition, and a rating of 0 describes a
completely deteriorated condition. A topcoat color roting of 10 indicates
pure white with no yellowing or discoloration other than rust streaks from
uncoated bolts, end 0 indicates a color unacceptable to the U. S. Coast
Guard. In the letter rutings, H heavy, L light, M- medium and N:
none.
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Coating System 5: Coal Tar Epoxy-Phenolic

No. of Months in Service: 54 Overall Condition: Fair

Amount of Use: Heavy Type of Mooring: Bow and Stem

Condition Rated Atmospheric Splash Submerged

Color 9 9

Chalking 8 8

Blistering N, 10 N, 10 N, 10

Checking 10 10 10

Cracking 10 IC 10

Flaking (scaling) 10 10 10

Erosion 10 10 10

Rusting, Type I 71/ 9 9z/

Rusting, Type II 10 10 10

Fouling, amount - H H

Guano, amount L -

Structural damage N damaged dent in
fender steel plate

1/ Mostly from abrasion of coating by securing assembiy.
2/ Rivet heads were badly corroded.

Note. For chalking, hlasteting. checking. ciockiag. flaking, erosion. end ovrstng
a toting of 10 describes e perfect condition, end e rating of 0 doscrobe a

completely deteuioreted condition. A topcoat color rating of 10 indacete,
pure white with no yellowing ot discolorotion other then rust streoks from

uncoled belts, end 0 indicates a color unocceplteble to ohe LI

tiv.ii; **l,.rr.. !nz L.. i-16,t. N meitiuma end 14

none.
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Coating System 6: Phenolic Mastic

No. of Months in Service: 54 Overall Condition: Good-Fair

Amount of Use: Light Type of Moring: Bow and Stem

Condi tion Rated Atmospheric Splash Submerged

Color 9 9 -

Chalking 8 8

Blistering N, 10 N, 10 N, 10

Checking 10 10 10

Cracking 10 10 10

Flaking (scaling) 10 10 10

Erosion 10 10 10

Rusting, Type I 81/ 91/ 91/

Rusting, Type- il 10 10 10

Fouling, amount - H H

Guano, a.ownt L

Strucuvral damage dent in side; damaged dent in
broken fender fender steiol plate

j Mostly from abrasion of coating.

Note: For chaIking. bllsta..ng. check-ng. c..ck,lg. Iltkrnga. *teoIn. atud arwstnlg

a talon$ .5 10 desctbos * p*#ocl condition. end 0 totni$ of 0 desctkbas *
completely de ... 't.o clldtioen. A topcoa.t c¢ilt utong .$ 10 indicates

"i•io w"It* with no yelowinil of d4ac.ltoe,.ai .14.. than hill stteeks fIum

ec..tetd elW-, end 0 indicot.. a c.
1
t. "44cepoteble to the U. S. Coast

Gvotd. In tho It,,. rongs, HN hea.y. L light. MI: mad4um end N z
none.

27

1 L



r

Coating System 6C: Phenolic Mastic

No. of Months in Service: 54 Overall Condition: Good

Amount of Use: Heavy Type of Mooring: Bow and Stern

Condition Rated Atmospheric Splash Submerged

Color 9 9 -

Chalking 8 8 -

Blistering N, 10 N, 10 N, 10

Checking 10 10 10

Cracking 10 10 10

Flaking (scaling) 10 10 10

Erosion 10 10 10

Rusting, Type I 91-/ 91/ 91/

Rusting, Type II 10 10 10

Fouling, amount - L M

Guano, amount L -

Structural damage fender splintered N N

I/ Mostly from abrasion of coating.

"titoe Fof Chalking. t, ch oitii.n. cteehk.o,. Id0, oje l . . e0. nd tweittin
0 tonl fel of|0 d496rlbitsb & w0•|gi con•dition. end 0 votingl e0 40docr-bils 0

complo d0 t..,...otod coad9,ho.. A opitoo colI.ottish of 10 mdecotez
o.ut .,t , .0 A n, o .Tolpe ,tv " dtscolotol.e.. ote*t e " rtt Ott"Loks 4ous
Wacoo041 bollit. gnd 0 aldlcgeles a toloe waeccpoleb. 9 toh U S. Coest
Gvoed. to *9 Iet#* elongs, N : hO..lY. I. - 101. Id 'oedwin• ed N
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Coating System 7C: Phenolic

No. of Months in Service: 49 Overall Condition: Good-Fair

Amount of Use: Heavy Type of Mooring: Free-Swinging

Condition Rated Atmospheric Splash Submerged

Color 9 9

Chalking 6 6 -

Blistering N, 10 N, 10 F, 8

Checking 10 10 10

Cracking 10 10 10

Flaking (scaling) 10 10 8-1/

Erosion 10 10 81.1

Rusting, Type I 9-/ 92/ 10

Rusting, Type !1 10 10 10

Fouling, amount - L L

Guano, amount L

Structural damage N N slight dent in
steel plate

I/ Mostly antifouling point.
2/ Mostly from abrasion of coating.

Note. Fat chllisall. bhsl ,..ng. cletchitn,. cer.l.ng. tlsinl/, *tsitn. end feShuig
o t.otng .o fO d1ic0 , e .lies * ec, #find ,,.i . end o toting of 0 deicsiit a
com.o.t.ly detei.erted con•aten A p.ceet rlo. toting of I ind,ceits
ovwe s-k,- .91% no yost.i-s-, o" d, scle.iet,.n o*he. ithen, tust welks how

1dco*oo beles . esod 0 indicaits a colo. vneccoptable of 0". U. S. Coast

G~.,ld. In the leItm reehnge. 34 .t.vy.. L- hlght. U mtd..m end N
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Coating System 8: Phenolic-Alkyd

No. of Months in Service: 49 Overall Condition: Good-Fair

Amount of Use: Heavy Type of Mooring: Free-Swinging

Condition Rated Atmospheric Splash Submerged

Colot 9 9

Chalking 8 8

Blistering N, 10 N, 10 M, 6

Checking 10 10 10

Cracking 10 10 10

Flaking (scaling) 10 10 81/

Erosion 10 10 81/

Rusting, Type I 92_/ 9./ 9

Rusting, Type II 10 10 9

Fouling, amount - L L-M

Guano, amount L

Structural damage N N N

1_. Mostly ontifouling paint.
2/ Mostly from abrasion at coating.

Note: For chalking, blistering, checking, cracking, flaking, erosion, and rusting
a rating of 10 describes a perfect condition, and a rating of 0 describes a
completely deteriorated cone' tion. A topcoat color rating of 10 indicates
pure white with no yellowing or discoloration other than rust streaks from
uncoated bolts, and 0 indicates a color unacceptable to the U. S. Coast
Guard. In the letter ratings, H = heavy, L = light, M medium and N
none.
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Coating System 9: Vinyl

No. of Months in Service: 50 Overall Condition: Good-Fair

Amount of Use: Heavy Type of Mooring: Free-Swinging

Condition Rated Atmospheric Splash Submerged

Color 9 10

Chalking 8 8

Blistering N, 10 N, 10 N, 10

Checking N, 10 10 10

Cracking N, 10 10

Flaking (scaling) N, 10 91-/ 10

Erosion N, 10 10 92/

Rusting, Type I 9 9 9

Rusting, Type II 10 10 10

Fouling, amount - M M

Guano, amount L

Structural damage N dent in dent in
steel plate steel plate

I/ A small area near one flange.
2_/Antifouling paint only.

Note: For chalking, blistering, checking, cracking, flaking, erosion, and rusting
a rating of 10 describes a perfect ccndition, and a rating of 0 describes a
completely deteriorated concition. A topcoat color rating of 10 indicates
pure white with no yellowing oi discoloration other than rust streaks from

uncoated bolts, and 0 indicates a color unacceptable to the U. S. Coast
Guard. In the letter ratings, H heavy, L = light, M medium and N--
none.
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Coating System 12: Inorganic Zinc Silicate-Vinyl Mastic

No. of Months in Service: 56 Overall Condition: Poor

Amount of Use: Heavy Type of Mooring: Bow and Stern

Condition Rated Atmospheric Splash Submerged

Color 9 9

Chalking 8 8

Blistering N, 10 N, 10 N, 10

Checking 10 10 10

Cracking 10 10 10

Flaking (scaling) 10 10 51/

Erosion 10 10 10

Rusting, Type I 92/ 9•' 7

Rusting, Type II 10 10 10

Fouling, amount - L L

Guano, amount L -

Structural damage N N dent in
steel plate

I/ Topcoat only.
21 Mostly from abrasion of coating.

Note: For chalking, blistering, checking, cracking, flaking, erosion, and rusting
a rating of 10 describes a perfect condition, and a rating of 0 describes a
completely deteriorated condition. A topcoat color rating of 10 indicates
pure white with no yellowing or discoloration other than rust streaks from
uncoated bolts, and 0 indicates a color unacceptable to the U. S. Coast
Guard. In the letter ratings, H = heavy, L = light, M = medium and N
none.
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Coating System 13: Saran

No. of Months in Service: 54 Overall Condition: Good-Fair

Amount of Use: Light Type of Mooring: Bow and Stem

Condition Rated Atmospheric Splash Submerged

Color 9 9 -

Chalking 8 8 -

Blistering N, 10 N, 10 N, 10

Checking 10 10 10

Cracking 10 10 10

Flaking (scaling) 10 10 10

Erosion 10 10 10

Rusting, Type I 81/ 92?/ 92_/

Rosting, Type II 10 10 9

Fouling, amount -

Guano, amount 3/ - -

Structural damage N fender splintered; N
dent in

steel plate

I. Mostly from abrasion of coating.
_/Mostly pinpoint rusting.
2/ No fouling or guano present because buoy had been taken ashore for

structural repairs.

Note: For chalking, blistering, checking, cracking, flaking, erosion, and rusting
a ra•ting of 10 describes a perfect condition, and o rating of 0 describes a
completely deteriorated condition. A topcoat color rating of 10 indicates
pure white with no yellowing or discoloration other than rust streaks from
uncoated bolts, and 0 indicates a color unacceptable to the U. S. Coast
Guard. In the letter ratings, H heavy, L light, M = medium and N =
none.
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Coating System 13C. Saran

No. of Months in Service: 54 Overall Condition: Good

Amount of Use: Heavy Type of Mooring: Free-Swinging

Condition Rated Atmospheric Splash Submerged

Color 9 9

Chalking 8 8

Blistering N, 10 N, 10 N, 10

Checking 10 10 10

Cracking 10 10 10

Flaking (scaling) 10 10 10

Erosion 10 10 10

Rusting, Type I 9 91/ 10

Rusting, Type II 10 10 10

Fouling, amount - L-M L-M

Guano, amount L

Structural damage dent in dent in N
steel plate steel plate

1/ Mostly pinpoint rusting.

Note: For chalking, blistering, checking, cracking, flaking, erosion, and rusting
a rating of 10 describes a perfect condition, and a rating of 0 describes a
completely deteriorated condition. A topcoat color rating of 10 indicates
pure white with no yellowing or discoloration other than rust streaks from
uncoated bolts, and 0 indicates a color unacceptable to the U. S. Coast
Guard. In the letter ratings, H heavy, L = light, M medium and N
none.
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Appendix B - RATING OF TEST

Coating System No. 2

Exposure Site PH SD PH SE PH

Panel Zone A1- T-2/ S- A T S A T S A T S A T S

General Protection 8 7 9 9 9 9 10 10 10 10 10 10 9 10 10

Chalking 2 - - -12/ - - 8 - - - - - 8 - -

Checking 10 10 10 10 10 10 10 10 10 10 10 10 8 10 10

Blistering, size 2 6 10 10 10 10 10 10 10 10 10 10 10 10 10

Blistering, frequency F F N9- N N N N N N N N N N N N

Flaking 10 77-/ 10 10 10 10 10 10 10 10 10 10 10 2 -- / 2i-

Cracking 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Undercutting 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Rusting, typel 9 8 A/ 913/ 951"9L/ 10 10 10 10 10 10 9i-/ 92/ 10

Rusting, type II 9 7 10 10 10 10 10 10 10 10 10 10 10 10 10

Pitting 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Fouling, amount - L- L - L M60/ - H0/ M-MM - M L

Fouling, area!/ - 6 6 - 4 1 - 0 2 - 7 1 - 2 1

1. Plant Area - 9 9 - 9 9 - 9 9 - 9 9 - 9 9

2. Animal Area - 7 7 - 4 2 - 1 2 -- 8 1 - 2 2

a. Tunicates - 10 10 - 10 7 - 10 10 - 10 5 - 10 10
b. Barnacles - 7 9 - 4 9 - 1 9 - 8 9 - 3 8

c. Mussels - 10 9 - 9 9 - 4 7 - 9 9 - 8 9
d. Bryozoa - 10 9 - 10 10 - 10 9 - 10 10 - 10 9
e. Hydroids - 10 9 - 1010 - 10 8 - 10 10 - 10 9
f. Tube Worms - 10 9 - 10 5 - 10 9 - 10 5 - 10 9
g. Sponges - 10 10 - 10 9 - 10 10 - 10 9 - 10 10

Overall Rating 8 9 10 10 9

j/ A = atmospheric zone ./ Delamination of topcoat on
2/T = tidal zone one side of panel
3/S = submerged zone L/L = light
4/0 = 100%fouled; 10 0% fouled 9/N none
SSlight barnacle damage 0QJ Mostly at edge
6JM = mediumn 1j/ H = heavy
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Appendix B - RATING OF TEST PANELS AT PORT HUENEME AND SAN DIEGO

2 3 4 5

SD PH SD PH SD PH SD

S A T S A T S A T SA T SA T A T S A T

10 10 10 10 9 1010 9 9 9 10 10 10 9 10 9 9 10 10 9 9 9

8 -- -- 8- -- 6 . . . .

10 10 10 10 8 10 10 10 10 10 10 10 10 10 10 10 8 10 10 8 10 10

10 10 10 10 10 i0 10 10 10 10 10 10 10 10 10 10 10 2 2 10 0 6

N N N N N N N N N N N N N N N N N F1 F N N F

10 10 10 10 10 2W" 2 LA/ 10 ~14-JI 1ý" 10 10 10 10 10 10 10 1 W~- 2L6-/ 10 0 W~ 0'-6

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10o 10 10 10 10

10 10 10 10 910-/ 9a/ 10 91--/ 910/ 910/ 10 10 10 910/ 10 910/ 919/ 9 9 91-/ 91-/ giQ/

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

M M M M L - M M HM M M H M M M

2 7 1 2 1 5 2 1 2 5 1 1 3 - 7 2

9 9 9 9 9 9 9-99 99 9 9- 9 9

2 8 1 2 2 6 3 2 3 6 2 2 3 - 8 2

10 10 5 1010 10 6 10 10 10 5 10 10 - 8 3
9 8 9 3 8 6 9 3 9 6 8 2 8 - 4 9
7 99 8 9 9 9 6 7 - 10 9 7 9 - 9 9
9 - 10 10 10 910 10 10 10 -1010 10 9 - 10 10
8 -10 10 0 190 10 10 8 - 10 10 10 8 - 10 10
9 - 10 5 10 910 5 10 9 -1010 10 9 - 10 10
10- 10 9 10 10 9 9 10 10 - 10 9 10 10 - 9 9

10 9 9 10 10 9 9

-moination of topcoat on 1V Impossible to determine chalking on Son Diego YW Loss of t
side of panel panels because of extremely high tide at time i7/ System IN

light of inspection eliminat4
none j:/ A few pin holes only j D = deo

ly at edge L4/ Antifouling and topcoat lost exposing primer Q Delomin
heavy ]j F = few exposing
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HUENEME AND SAN DIEGO

4 5 6

PH SD PH SD PH SD

A T S AlI S AT S A T S AT S AT S

10 10 10 9 10 9 9 10 10 9 9 9 10 10 10 10 10 9
8 ... 6 .. . 8 ...

10 10 10 10 10 10 8 10 10 8 10 10 10 10 10 10 10 10

10 10 10 10 10 10 10 2 2 10 10 6 10 10 10 10 10 10

N N N N N N N F1 -5/ F N N F N N N N N N

10 10 10 10 10 10 10 10W 210/ 10 01A/ 016-/ 10 10 10 10 10 10

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 10 10 9iO-j 10 912-/ 910-- 9 9 91--, 9 10-- 91q-- 10 10 10 10 10 9!0-.-/

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
!0 10 10 !0 10 10 I0 10 10 10 10 10 10 i0 10 10 10 10

-H M - M M - H M - M M - H M - M H

- 1 2 - 5 1- 1 3- 7 2- 1 2 - 7 1

- 9 9- 9 9- 9 9- 9 9- 9 9 - 9 9

- 2 3 - 6 2 - 2 3- 8 2- 2 2 - 7 1

-10 10 -10 5 - 10 10- 8 3 - 10 10 -10 6
- 3 9 - 6 8 - 2 8- 4 9- 2 9 - 7 9
- 6 7 - 10 9 - 7 9 - 9 9- 7 7 - 10 8
-10 10 - 10 10 - 10 9 - 10 10- 10 9 - 10 10

1- 0 8 - 10 10 - 10 8 - 10 10 - 10 9 - 10 10
-10 9 - 10 10 - 10 9 - 10 10 -10 9 - 0 5
-10 10 10 9 - 10 10 - 9 9- 10 10 - 10 9

10 to 9 9 10 10

to determine chalking on San Diego 1 Loss of topcoat expl.sing gray seal coat
use of extremely high tide ct time ]Z System Nos. 10 and 11 failed and

aon eliminated from test
holes only / D = dense

and topcoat lost exposing primer Q Delamination of primer and topcoat
exposing zinc silicate coating
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Coating System No. 7C 8 9

Exposure Site PH SD PH SD PH

Panel Zone A T S A T S A T S A T S A T S A

General Protection 10 10 10 9 8 9 10 10 10 9 9 9 10 10 10 10

Chalking 8 -- - - - 8 - - - - 10 - - -

Checking 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Blistering, size 10 6 6 10 6 6 10 6 8 10 6 6 10 10 10 10

Blistering, frequency N F F N M M N F F N M M N N N N

Flaking 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Cracking 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Undercutting 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Rusting, type l 9 95-/ 10 910./ 85-/ 91.. 9 8V-/ 9 9 91-.- 9!-.2 10 10 10 10

Rusting, type II 10 10 10 10 10 10 10 ]c 10 10 10 10 10 10 10 10

Pitting 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Fouling, amount - L L - L L - L L - M M - L L -

Fouling, area - 2 2 - 2 2 - 8 5 - 5 2 - 4 5-

I. Plant Area - 4 3 - 8 9 - 9 9 - 8 9 - 4 5

2. Animal Area - 8 9 - 3 2 - 6 9-- 6 2 - 10 10-

a. Tunicates - 10 10 - 10 8 - 10 10 - 10 4 - 10 10-
b. Barnacles - 8 9 - 7 9 - 7 9- 6 9 - 10 10-
c. Mussels - 10 9 -1 0 9 - 0 9 - 10 9 -1 0 0-
d. Bryozoa - 10 10 - 10 9 - 10 9 - 10 10 - 10 10
e. Hydroids - 10 10 - 10 10 - 10 9 - 9 8 - 10 10-
f. Tube Worms -- 1.^ 10 - 10 5 - 10 9 - 10 10 - 10 10-

g. Sponges - 10 10 - 10 9 - 10 10 - 10 9 - 10 10-

Overall Rating 9 9 9 9 10

j_1 A atmospheric zone 2/ Delamination of topcoat on j Impossible to d
_/T tidal zone one side of panel on Son Diego p
3/ S submerged zone 8/ L light extremely high
4/0 100% fouled; 10 -- 0% fouled V/ N none inspection
5 Slight barnacle damage jO/ Mostly at edge L A few pin hole

M - medium L]/ H heavy j4/ Antifouling and
primer

]~ F few



9 1 2 '7/ 13

PH SD PH SD PH SD

S A T S A T S A T S A T S A T S A T S

9 10 10 10 10 10 10 10 10 10 10 6 6 10 9 10 9 9 9

- 10 -. 8 -.- .--- -- 8 -.-.-.-.-

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

6 10 10 10 10 10 10 10 2 2 10 10 2 10 10 10 10 10 10

M N N N N N N N F F N N F N N N N N N

10 10 10 10 10 10 10 10 21Y/4L i10 ooU 2 U 10 10 10 10 10 10

10 10 101010 10 10 10 10 10 10 10 10 10 10 10 10 10

10 10 10 10 10 10 10 10 to 10 10 10 10 10 10 10 10 10 10

S91- / 10 10 10 10 10 10 10 6 7 10 6 6 10 9 10 9 9 9

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

10 10 10 10 10 10 10 10 9 9 10 8 8 10 10 10 10 10 10

M - L L . L - M M L- M - H H - M M

2 - 4 5 - 2 2- 3 3- 8 3 -1 2 - 6 1

9 - 4 5 - 9 9- 9 9- 9 9 - 9 9 - 9 9

2 - 10 10 - 2 2 - 4 4 - 8 3 1- 2 - 7 1

4 - 10 10 - !0 9 - 10 10 - 10 8 10 10 - 10 8
9 - 10 10 - 2 9 - 7 8 - 8 9 - 2 10 - 7 7
9 - 10 10 - 10 9 - 7 6 - 10 9 - 8 4 - 9 9

10 - 10 10 - 10 10 - 10 9 - 10 10 - 10 9 - 10 9
8 - 10 10 - 10 9 - 10 9 - 1010 - 10 8 - 10 10

10 - 10 10 - 10 5 - 10 9 - 10 10 - 10 9 - 10 5
9 - 10 10 - 10 9 -- 10 10 - 10 9 - 10 10 - 10 8

10 10 7 7 9 9

IJj Impossible to determine chalking 16, Loss of topcoat exposing gray seal
on San Diego panels Lecause of coat
extremely high tide at time of L7j Sy-tnem Nos. 10 and 1 I failed and
inspection eliminated from test

L3/ A few pin holes only 18, D - dense
L4/ Antifouling and topcoat lost exposing j9 DeIlamination of primer and topcoat

primer exposing zinc silicate coating
S F -- few
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S2111 Port Royal Road, Springfield, V.. 22151 Price $3.00
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This is the tenth of a series of retports an the protection of mooring buoys. Thirteen buoys
Were g;;ven their ninth Bating (after e maximum of 5 years exposure) for extent of coating dtroain
corrosion of steel, end fouling. Two other buoys hod preiovunkl 1.ju removed from the test protgrom
beceus* of advenced deterioration. The costing systems en three, of #iNe buoys wore in geed condi-
tion, while these on nine oithes showed varying degrees of moderate deterieoraion. end one was in
such poor condition that it was also removed from the tost program. '!wo saet of steel panels
coeted with the different systems used on the bujoys were given their eighth oraing Inspection after
d yer-s of exposure. On# q*1 was exposed in Son Diego Soy end the *the# in Pert Kuenoe Ha irber.
The condition of the coatings on beth sets of panels was genweally better then that of the buey
coating. blut there wes a general corelaotion between the Conditions of the two lost groups. On buoves
coaled with enitilevLng Paints, "o detectable ontifeuling propert remwiatine aftar 20 months. , bu0e
beth sets of test Panels. two entifowling coeling* containing capper Oxide wera still appreciably
reducing fowling efter 4 reast.

Patches of unewae-urn pasy applied4 to bWays where loctallied emaget ao the cooling
hoo been coused by *"*,bon were in goo-d condition. Same patchtes hod been proidling protection
for d years.-

Three of the buioys were carhei~cally u.,tocfta with zinc aod"*s. The underwater, portions of
these buels ware receiving proeaction from catrreseni 33 moth fter, aodte vnsteal'et~n
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